and by sedative hypnotics (benzodiazepine and non-benzodiazepine GABA receptor modulators). A PubMed search without limits reveals between 157 and 97 hits based on the exact keywords used. The vast majority of studies are purely descriptive, there are virtually no animal mechanistic studies, and CAP scoring is virtually never done in clinical practice. It is appropriate to ask if after more than 20 years: is it worth the effort?
Guilleminault et al in this issue show quite convincingly that increased upper airway resistance alone induces an increase in EEG CAP. 5 However, they go one step further by showing an actual correlation of CAP rate with fatigue and sleepiness in patients with non-apneic, non-hypoxic sleep apnea. The finding is important because it suggests the following possibilities: (1) There may be a way to better quantify the effect of increased upper airway resistance on sleep electrocortical activity not captured by routine arousal scoring and conventional sleep stages; (2) Completely normalizing airflow may be an optimal target for positive airway pressure therapy (if one aim is to normalize EEG phasic activity); (3) Periods of stable flow limitation or obstructive hypoventilation may also adversely alter cortical electrophysiology; (4) Speculatively, inducing an increase in non-CAP pharmacologically may benefit some patients with sleep disordered breathing syndromes, as arousals destabilize sleep and sleep-breathing. 6 I make a case for considering EEG CAP as simply one component of an integrated state approach (stable and unstable rather than graded) to NREM sleep that has characteristic biological footprints in several recordable physiological time series. These time series include the EEG (power and amplitude), blood pressure, heart rate variability (HRV), autonomic drive bursting, respiration, and motor activation. Correlations between delta power and HRV have been described, 7 as have correlations between HRV and CAP. 8 An ECG-based technique has been described that generates cardiopulmonary coupling sleep spectrograms utilizing HRV and respiratory signals coded within R wave amplitude fluctuations (the latter is called the ECG-derived respiration signal). The technique generates estimates of stable and unstable state, which show no correlation with standard stages or delta power but does so with CAP and non-CAP. 9 The low-frequency cardiopulmonary coupling regime reflects unstable NREM sleep, correlates with EEG CAP, and like this pattern, is seen in health and amplified by disease (e.g., sleep apnea). The high-frequency cardiopulmonary coupling regime reflects stable state irrespective of conventional stage (often stage 2 NREM sleep), correlates with non-CAP, and importantly is associated with blood pressure dipping 10 and respiratory sinus arrhythmia. Stable and unstable state as detected by EEG CAP scoring or sleep spectrograms show spontaneous switching independent of REM/NREM cycles. Similarly, wake may also be stable or unstable -in the latter case characterized by microintrusions of sleep into wake state. Unusually rapid biological progress from stable wake to stable sleep would need large increases in sleep drive, while mild to moderate arousing stimuli would increase low-frequency oscillations (usually a period of 30-60 seconds, not the same as the low-frequency spectrum of HRV) of the EEG, and induce cyclic variations in heart rate, autonomic drive, and tidal volume, entrained to the same low frequency. To move rapidly from stable sleep to wake would need powerful arousing stimuli (e.g., fire alarm) and may be incomplete (e.g., night terror). REM sleep may also be considered in the domain of stability -unstable REM sleep has intermittent intrusions of NREM sleep or wake. Narcoleptics have been reported to have reduced CAP rates, perhaps a marker of reduced endogenous arousing influences.
Is further costs to clinical studies), tedious, and often a labor of love for an individual study. The scoring rules are complicated, and created to "fit" the visual pattern, rather than based on specific biological processes. For example, the 30% amplitude criterion for CAP A1 phases is as arbitrary, as the 75 microvolt criterion we all know so well. The criteria are a "one size fits all" approach, although individual authors have made modifications for the pediatric population. Automated approaches are off by about 30% at least, and need careful manual correction; moreover as computer programs tend to do, numerous "statistics" of dubious value are generated. The CAP pattern is actually quite easy to recognize (vs. scoring) by compressing the digital polysomnography screen to 60-120 seconds. While CAP is an EEG pattern, it is usually obvious in sleep apnea syndromes that heart rate, respiration, motor activation, oximetry, and blood pressure are all oscillating together, biologically "coupled" and entrained. Thus, in those under conditions of simulated high altitude, the CAP cycle time is 20-25 seconds, while in heart failure with periodic breathing, the CAP cycle time is 60+ seconds (unpublished observations). The <1 Hz slow oscillation is the fundamental building block , nasal flow with a cannula-pressure transducer system, and respiratory effort (chest) with piezo bands. The filter allows appreciation of the <1 Hz slow oscillation. In the top half of the figure, standard NREM stage is 4, EEG stability type is non-CAP, sinus arrhythmia is clearly evident on the ECG, the ECG shows amplitude fluctuation on a breath to breath basis (ECG-derived respiration), the slow oscillation has a "continuous mode," and the sleep spectrogram showed high frequency coupling (not shown). In the lower half of the figure, standard NREM stage is 2, EEG stability type is CAP, the ECG shows subtle acceleration in relation to the K complexes, the slow oscillation has a "discontinuous mode," and the sleep spectrogram showed low frequency coupling (not shown). Thus, evaluating coupling between multiple biological signals may provide insights not evident by sole focus on a single type of signal.
Is the Cyclic Alternating Pattern Useful?-Thomas of NREM sleep; A1 CAP and non-CAP are especially enriched with this frequency. A2 and A3 CAP are associated with inhibition of the slow oscillation (Figure 1) . As the slow oscillation may be obtained "vertically" in the brain from subcortical and limbic sites, organizes numerous important electrocortical rhythms such as spindles, and modulates calcium entry into cortical synapses, the proportions of CAP vs. non-CAP and A1 vs. A2/A3 may be important markers of sleep quality that have a clearer biological basis than standard stages. This is an area that deserves study. Is CAP useful in clinical practice at the level of the individual patient? Non-CAP dominates rebound effects during positive airway pressure titration, and can provide a false sense of therapeutic efficacy; actual scoring is not necessary for this purpose; recognizing stable and unstable state is enough. Persistence of an elevated CAP rate with treatment (in sleep apnea, depression, insomnia, restless legs) could be a marker of suboptimal biological efficacy. However, besides outcome and mechanistic studies, for practical clinical utilization one or more of the following is required:
(1) An automated EEG method that works without fuss, perhaps by using learning algorithms; simplification of the scoring system may be in order. (2) Understanding the implications of similarities and differences of what is scored as "CAP" in adults and children. (3) Use of methods independent of the EEG that may also usefully complement assessment of stable and unstable sleep states.
